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5f o <b#^&l!© 3iiffim9 1 o>'>^ «fc 0 3&*&<]Rt)&tfE. ijJtTf* 

STS/tEJl^SnfcfD^ t RNAtlll> # SKI47 5 

2 fiestas s nfc^o t rn AGj&mmo&gfcizMirzboT'&z. * 

%W<D7 5 /ttE5«)8«g!t3Ei£ttfc^n->JU t RNA^IIfi, 7n©55£8©^o 
A<ttD&tH:i:*«T** »4ifD->^ t RNA^S*OSJlT?*5fDi/ 

7S/1 (HT*X«li7.5;iiff*) l:filfe^SS^>/^aA^I$ 
tlTViS. £©£?&, #^^l7S/®51|xDaA/f^>/^IB, 7D^> 
(alloprotein) tW&Z ttffemZ tlT^ & (Koide et al., Proc. Nat 
1. Acad. Sci. USA, vol 85 (1988) pp 6237-41) . #£cD£|g£, #558*75 7 
BHCb«lft*C*SCiH:, 2 0 a«©35$7 5 /ttffiSOMTfM Jfc 

£#^75/1^ 7"6fcioT^ias$ijp-e#^7 5 ;t, ytt7uzv>ti>-tv 

7D^>/^RttSt5ft»l:l4, ^<"3*i©^ffi*«*S. 3<f (Koide) 
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K*, §btT2 0 HjKbjfr/BUS H (Koide et al., Proc. Natl. 

Acad. Sci. USA, vol 85(1988) pp 6237-41) . 

ftl<D%8kT°\t. *f&fcg"J©36T!7 5 JTl/frfcZMtV-fVyV- t RNA^, 
*Mllfi»R*fc«A"**5 H £T, 7P*>A£fl#£g$frlT^-5 (Noren et a 
1., Science, vol 244 (1989) ppl82-8) , d ©!tj& t L Ttt, *fifc7 5 

y 7->jp t RNA*H«T*fc»*«**j(*a«*WFStt*. 

#^8*75/$?£^tf2 1 M©7 5 >/1^St££ 5 fc^fifc 

0't'T?#ffl075;7'>;PtRNA^»* (aaRS) tio T75 / 7^ 
fl5*n*AX*fil»*3R*«l*f*ili:««»fc»T*«. 75;7'>JH RNA& 
J5fc»*S7 5 /lit RNAt^#SWCfe^^t§flt?feO . 4«3lSC« 
-®<DMft&fo%3Zf£\ZfttETZ 2 0 fS©75/»tnfni:»«UT 2 Oi 
i#ttS„ il§fiC(j:©S&aa RS#75/t^tCS*«C-iI#S 

75/7yJH RNAMI (a aRS) ©t^t^T^Sf D^JH RNA^ 
J&USi (TyrRS) ?D->> t RNA$i®73 /t© t RNA^SSffl 

(Wang) O-^f Oi/>S»fiWf:7S/7>'JV 

J; 5 fcgfc^ bfe y ^ 7 □ y tJ 7, ¥*? ir (Methanococcus janasii) 
©TyrRS R « * *© 3 1 □ v > t R N A L fc 7 > /t-tf 7" 

Vv^- t RN A*^JH-W©if'T?58?BS , &fc (Wang et al., Science, vol 292 
(2001) , pp498-500) o Z. (D * $ J □ y f) X i~ i"f (Methanococcus janasi 
i) ©TyrRS, ?n->> t RNAttfnf ft^il© t RNA, aaRStK 
jfcbfcVi. z<Dfctb, z.<Dm$i~e> O-^^Jkfo-yy^jyA'-n K>fctt« 

£0<fc 3 fcAIttteM* ©*!»©&«>£«» *XFCaaRS fcEJfcb&V* 
aaRS - tRNACDa$lfflfc*tui:i> #^«S75 /lt§SS5iH0t 
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RfotZ aaRSli, ^ffi * T* t Mi£© O - * ^JI^ D > > T y r R 

3 filifo 5/ >7to *f\zi&mm ft T y rRSSHSHt^ftSnTV^. 
d © <fc -5 & 3ft£g&#:£&:? ; ? 1 n~>>7:J-a fo5/>J;D!>ja*J;<« 
D&frTy r R S 5fc»# 3*0 6 ftTH&V*. 3 ^fcS^S^rJtO^ □ 
z/>Ti-uy%m3LMT y rRSiO fe^I^ck <&0&tfTyrR SSE&#tt¥ 

ot, ? >/t^i®Hiiofiii:^^S75 /ft©*-* 

t RN AHr$S£?il£3S&-t£. $ 5fcMfctt#**SS7 5 /^#3 - 3- F 

ysyt^tft^Sai (TP^>/1:57@ (alloprotein)) £jS[jfi-f Z> $T*ift 
atm t^TtSfn t RN A p-^Hi^rf 'f >T 3 fc & ©#£ , Rtf £ 
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mm\t, *mw<D7$ j t^iv t rn A&fc&mommfc*, «tt#u7^ 

C-n-f'»T?7^$nfciRl«lS. SDS-PAGEtMlfe. 7>A* 
-A-t7Uv>a>B, Ty rRS-VCISft, *yi/»U- t RNAOfS 
#*»tt>fc#«E-ratfrfc©*«»snfc. amb«, 3 2#BCDn K>*7> 
;t-3F>tMl/ftmRNA"e*D, sup t RNAtt^II t RNATy r 
S*C07 — D-^l/ y-U— t R NAT"* So 

K#StfJ&T y r R S - VCfl#> if^I/yH-t RN A*-&^^»-&0«|R 

K 3 tK 9 S^-n^n, R a s *>/t**©U z?)Vjl> H ^ 7 * -if iHflS 7 
7;?7>bT&£> Serl7-Lys42tf>77^*>b£, Thr 148- 
Lys 167C77^>h-C*5Ci:#, RlMtJ: D fod^ifc. h 
i^^ck^T^tt^tl-^n, 7>/t-3H>*ASft^mRNA, 3 2 ft @ © 3 
h* >#7>A*-3 H> , e*4mRNA*ftfn0*lii*0#*f*wt. K 3 7 

|^77^>>h (K3-IY32) 3i*7>;X— >CDa«CD*«f(T 

f57S 7»E5l3ft»*«Snfc?DS/^ t RNA-&/£»*fcWT<6. «k 
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P v>£MT3 £if £$n3&«©7 5 ^i©2 ffiJ5r&±&fl&<0 7 5 / iftCBfe 
75y»K:i&g, ffib<tt2IEtiO75/g|S<i075 /Itt&f ^ t 

#3g0jfcU *!6w©75y»i3?a*«acSEsnfc5 l a->;p t rna-&j* 
»*&ffl^r, *35«©7s/«***-r*«aK*«jfi-r**ttic«-r*. «t 

DMfcte, 75 /BtiBjy^gfeSESn&^n^^ t RNA^fiJg»**fflV5T, # 

H"r*«e^F o »Hteiftsnfc«ffliafc> f®± 5 t^hbj^ filers w-s 

#3^75 /WtZ^tS* >rtirW<D£.m, 5 s If -f > $ *lfc 7 5 / 7 R 

NA*a#***Jnsnfc#MnMi?*ic*i**, *^«S7 5 yi?£^t?^ >n 

<f 0jitJut^#575 y 7 5/;i/ t RNA^^iiOl^SlfoTffc, ^ 
D->JHRNA^ig| (TyrRS) tt, 75 J 7 is )V t RNA^III© 1 

? Z Z tfr U is > T J- a ? Zmm-f Z U is )V t RNA^II (Ty r R 
S) Cflbfc. *««**0Ty r RSttX«£4fe©^n5/> t RNA 

^cJBMft*©^D ->> t RNAttX*4*CT y r R S £ -t tl^tl&JS U & 
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Lfctf^T, &TTtt7 5 7 7 s y )V t R N A£j&»*© Wfcfcl t b T 5 1 n 

t RNA^JSlll (T y r R S) £t£tf TlfcSJ-f 3 o 
*58BJJ#&tt. 3ftIi?D->>7tn^l:#MW^Ty r RSSHS&ftK, 
^^<DS^^^g|5fi:O7Sy^$&^-r§e:i^^Wbfe 0 }*ClIi*0Ty r 
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?D^-AMPCa^#© 3 - Dflljfifc^Ttt. HfcftfcSftT* 0 (Brick, 
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et al., J. Mol. Bio., vol 208 (1988) pp83-) . H <D 3 - D $i Sg ^ l/> T 3 

*tf&TyrRS t ? P */ )V - A M P ©*g£ft t © m&T? & Z> ifi. *89§*& 
Ty r RS«)4*||ll|0«#tt^ati:i*>6, ftil©£tlEi3&©T y rRSi:^ 

£© 3 -D*jfttT;Wfc3t^^T. *38W#&tt, ^iffiCT y rRS§, 3 

iWl 9 5fiC75/S*itiilfc. S4SOTy r RS tfeltS 3 7ffi©7S 
^itt?Oy> (Y) 1 9 5fi<D7 5;Htt^J^5> (Q) T & 5 . 

mib t fc 7 5 / mm m \z ti v» t ^ § fifnts s . 

(1) , (2) £/BV>fcP C RlCckoTiiflL Nd e I , Hind 
I I I TfttWf Lfc&fc, pET26b©N del-Hindi I I gBffi fciifl^ii 
tfdiT', Ty r R S Ofgg^ p E T - Y R S & f£j& L fc. 
^7^fV-(l): 5' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3' 
y^-f V- (2) : 5' -GCCGAAGCTTGTCGACTTTCCAGCAAATCAGACAGTAATTCTTTTTACCG-3' 

tf< 3 7 ftXte 1 9 5 {4© 1 #J9r©*©75 J mnm&fc&ftf&Vft. 37 
1 9 5fifn^n© li(D7S /^©M&#:£3- KtSDNAEJI* 
^t5fcfel:«fflb&77'fY- (3) fr£> (8) fc^K^f. 
7" 7 -f V - (3) : 5' -AGGATCGAAGCCGCAAGCGAGCGCGATCGGGCCTTGCGCC-3' 
77< (4) : 5' -AGGATCGAAGCCGCAMNNGAGCGCGATCGGGCCTTGCGCC-3' 

M C XI4 A&wU N tt, A Xtt C Xli G 3Ui T^if. 
^7^7-(5):5' -ACGGTGTGGTGCTGTCTATTGGTGGTTCTGACC-3' 
(6) : 5' -ACGGTGTGGTGCTGGCAATTGGTGGTTCTGACC-3' 
75-f 7 — (7) : 5' -ACGGTGTGGTGCTGAACATTGGTGGTTCTGACC-3' 
77-f7-(8):5' -ACGGTGTGGTGCTGTGCATTGGTGGTTCTGACC-3' 
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3 7 QLlkU 1 9 5fiCS^©75 nfc-7 5 

tUfBOlST'^^Lfe 3 7ft£J;tf 1 9 5fi^nfn©-75 /Ulift^^ 

>St-75 Ht5DNAE5l*ffib. pET-YRS©N 

d e I - B amH I SiSftfcSA Lit. *-rt-75> ^ • X^XrVv'a >SB, 

v- (i) t do) ®i, 7"7-f7- o) t (id oas-tn^n 
m^xm^Lit 2 •DomftzmML. cnsty^-fv- (d t o) 

^7^-7-0) : 5' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3' 
y^-T T- (10) :5'-GATCATCTGGTTAACGGAGAAGTGTTTGCC-3' 
y 7 -f7-(9):5' -TTCTTCGGATCCAACCAGACTGCGCCGCCTTC-3' 
(11) : 5' -GACCTTCCTGCGCGATATTGGCAAAC-3' 
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MIBUfclST#6nfc^^3Q:SESDN A 7 7 7> >h<D&X&, 7*7*5 F 
pETYRS^Of>yi/-h77^> F<Dfc<h©ftEfcj?Ab£o ftiR 
t y r S3Hfi?ft^&^5^5 PT, A±A>©75i£ (Hanahan, D (J. 
Mol. Bio. ,166, 557-580) KHP CfcJ&RfcJftfcK «fc D , &*7CJ!§mBLR (DE 
3) l;®f fei L fc. #«co/7^S F**r*»K*iift#*#IBb««T6i: 
£££0, ItSK^SiT y r R S S^I^tfc. ifilR^ SSTy r 

r s 9 >/t^R**»waaaite*»6i»»bfc. 

3iffl7*;t-f Vifc. 

7*77 7^-1fe^*bT§SSn*lliU >iS£;£41-£D< F (Lloyd) 6 
<£7j}£ (Nucleic Acids Research vol 23 (1995) pp2886-2892) *ffiV&4kL. Mffi 
U>£Biomol green (7 ±n <>) bT&ffl-f * C tt, 7 5 / 7 ->;Mb£& 

©Hj£*frofc. ^^^i2Rtfi3fcit. 

%2<Djjm$* O-f F (Lloyd) SCDTj?* (Nucleic Acids Research vol23 (1 
995) pp2886-2892) * -t © * $ ff o fc t> © T & § . £ 31 4 ^1" 0 

Sg3©7j&«. t RNA^IC^tSf 0*>>Jfc(J 3 - 3 - F 9 a -> > Cf 
t575;7^ftfittS. 7^-;i/77> (Wolfson) & (Wolfson, A.D. et al, 
RNA, 4 (1998), 101 9-1 023) \Z fgff $ frl U 7 7 U ^ 7 5 F «&»ffi| t ft 
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nMt3l<, 2 5 0 nMT3l<, 2 5 0 nMT?P<, R £ tfMft fti T Ztz. Z. t 
£j*T. 75/l!figtt > fDy> 2 0 0 /iM, 3 - 3- H?Dy > ImM 
T* & o . 

ft*, *3tt»£3L 3 7 Vfttf 1 6fl© — fiS5S»*©75y 7->;Mb»tt& 
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5. T y r 3 7 TkTSG lnl95ffl|©7S /iMDiiiCiO #e>tlfc 
#^S#CHl,T, 3fiiftfn-»7tD^/ ( £©HI&T:fci 3 - 3 - 
->>) i:^t5 7S y 7~>;Mbfc&£llKl$K*ii)D£i£fc. fij^ttt. £ 

n$(D$> ynznv. ^D->>i;^^T®#sfli)75;7'>JHbSttit M4>-r 
^ m n * <d * n <t o its < & t < s =b © # m m v ft . 
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mm<D7$ 
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^4ii, Nucleic Acids Research vol 23 ( 1 9 95) pp2 886-28 9 2 13 $ tlX H -5 Llo 
y d 6 © 13 m T fT o fc - £ £ £ BP * © 7 5 J 7 ~> ; 1/ \ t fS 14 & ft IB t fc <b <D T' & 5 . 
4^®zifSSIfiT yr37K.tfGlnl95 ®M#©^g©fiJj& 
te-fr*. 09A«, VC?)ffijit6!)9 : D->>7tn^/fD->>ikHi 0£jgA, 
®#SW75;7v';Htffitttt, G 1 n 1 9 5 £Hfc*3E£©3*A©fc«K * — 
JES»*3 7 V«fcD»^. VN, VS, RlXACtt, «»fnj/>7tn^/5 1 
0<>>JfcRtf«fft«J7$ / 7 5/;HbJSttfc*JV»TVC «fc 0^5*5, -75/ti 
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fc 8 #«g#©*-e, vc, vn, »tfAC3&»*t>ttB-r^##ttRatjiffl^r 

Ifefn^VTtn^/f Di/>tb^^vCi^^T > *BKfctRNA£©ili 
^SrP^Se: t#T#*Bltt'PAGElCJ:tjT7yfe-f fttrofc. V 
C tt. 7 a > 7 □ 9 fc & ft Atttfffi ^ c fc ««« o & . 

tlttt, -€-©C*fc, 9— iE^JSrfrLTH i s *^£tfjDLfc$g$I!l c 

-H-R a s (Milburn et al., Science vol 247 (1990) pp939-45) £ ffl W It . H © 
* >/1£R© 3 2#g©3 F>£7>A*-d H>Kfii*l/fc3>^ h7^->3> 
d^Mb&mRNASiit LfcHSiRTte, £S©^ >A^fS©£g«> Ty 
rRS, t7k';t-tRNA©Pi^^#af5J:tl:ft#l& (IK2H) . - 

t RNA<&#»*fcJ:t>T«£^c!:7$ J 7 S'JUfeS tlfc V> H 5. 7> 

A*-^/l/7->3>Ccfc5^^iii, 7>A-3 H>/&^MVi3> bo-;i,©3 — 
4#JT&ofc. *>A£SI©-&/&S£ii4>-rfci&£, *71/y'>3>Ci*RJS 
£, a*fj**fflV»T3 B Wff £©:i-&©£ESte 1 m 1 CDKjS*l$S7t 0 

#&tt©^ >A£K£-&/&T#S £ ttft>fr-Dltc 

^T»fil/fc«lC, SDS-PAGE Kfrtt&SfcS&fibTftSnfc R a s © 

D fflbT^^-tffflSbfcWfr^ L C-M S 
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thxm^TzR a s ? >rt? n<D 3 2 # 1 <D □ H >tt5" O > C^jStS 3 H > 
cod K>^7>n-3 F>l:3[f bfcmRNAt, ^£ig*.£^m 

t RNAS£T«IR*fcSji;!]nLfc«KE**fir ofc. fcwstt&iftft; 
L&77^.*>h<D5-&, N*i>53 2#|07S/t^ttf77^^>KSe 
rl7-Lys42, K377^^> ht»t)KiB LT#?*fr£fir -3 fc. 

Mt5ii5i^77y^ > h#fctHsn&wi: tic j: Qfambrc. 

#3?bJ©7j&£R a s * > A ? K effl V XM W h fctf. *%W<DrtmtR a 

s # >/*&m\zmM2nzh<Dx\z&< , mo* >n^m\z-o^xhmu\zmm 

TI^BJ LT#fc. 7ClI©S4iTy rRSCi^tli, 3 7fiSO?D 

1 9 s&mavfr* $ >*m<D7$. /wtmgxmm-rzztiz cto, # 
c * * k <d ttm \z mm ? % c t # ^rtg t & o fc. 

$ 6 fc, E ITgffl Lfc*M»££!T y r RSC3 7 &®:fc=tt>* 1 9 5<£§ 
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&*<Dmmmmm% j $>, Mmm^iz^^xh, *%WT*fcf&Lfrv c^g#£ 

T&3o JlO^SiffltSCtt, H$£^©illR^I*)T> iTCfD 

«k 5 #«©##«:, ffi©M£t/fi&©5Pci t RNA^^IfS* 

«*»«**©?□ ->;l< t RN A'&fic,Bm&& : £T% ItT, Iit&£4ft©ftlR$ 

*»T**fO'>^ t RNA^fiKfi©f ^Ui/)V t RNA^||07 

*f6W®5 1 n ->;p t RNA^«|li, #55£*g!7S /It bt&l04IS 

iitrn t*«T**c: tSftat-rsfeOT?**. #5&9!©^n ~>;t/ 1 RN 
A-&^#^tt, *Bttft£©*Htt&. Vft. V>rn©£*a* 
©t>©T?» -3 Tt><kV>*«, MIBTUSBJ LTtfe «fc 5 3 - D*ji*»|!E»©#3!S 
£##tt#Kv»fc©#J&JBtt#&se:£#&ff*U^. *1t, #£©£t)fc!|#g 

fc£fcV>©T?&*l«, ■*©£*&£* ^T*rfc&7 5 ;Sfl)fo->^ t RNA&I 

#3§9§©^n ->;p t RNA^)SI$075 </KE?iJ©*3Ei"S&B*ife©**' 
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SktLTtt, i/)V t RN AG&wm t SKSStStffc^T* 7 5 y»Xtt75' 
/I?<7)AMP*t-&# (75/7>'JKb$n&AMPR^75y7^l'ftSnftA 
MP © 3 - Dfltii fcgcHi T&^-f 7 $ J ®©&g£ifej£f -5 

NA^f|©W3 7ffi^> 1 9 5fiT-Jbo&:i:l:S^HT, I 

5 ;7yJP t RN AGt&Bm<DM¥.ft & h K ;* < >ft ©3tfJ&t* KSfegg 

3 -Dflti6fc«^VJTgfeSg-r^#75 /SCffitSftttSt^tH, Sf @ 
»07S;»075;7->JH RNA-gr^^P|0S:#:1iig$»WL, £<7>35r#*i 
}gf;&V>Tg S5075 7 if© AM P*^#*t»^"r*tt«***f"t 3 H it «k D 
Sft^f 75 y $?©&g£&5tTS Ht^TtS. 

id, *^fiittx3 7&&tf 1 9 5&*mtfT%fttf, cnitxmmcDmsT: 

&oT, iOtftft^C^ni/JHRNA^ig^^ft^^tlt 3t#1i^ 

l;*HT>ciIi6*©fni/;p t rna^IHc 3 7fiXtf i 9 sffifcffiat 
5fiiO7S;iSM§n5^tfittfi:5 0 #5698 fc* Its rfiflcft fc^s 
TS&HJ t^3©tt, 75;7->JH RNA^Sfei*04^iIf^^T7S 

;fx«75;i©AMPt^ (75;7->j^snfcAMPsr;75;7'> 

;MbSnfcAMP»*#fc2) &Eit^ftiH«ltl^75 yi? ©-am 

1 RNA^B*i:if&i:»xt57S ymt bxte> 7s;s©l 
am P«£#£©*&*sjBtf s-e-fcuj: 5 cts^cii, afczictt©7 5 

Bfegbfc 0 . >fc7*/^ 7* bTBE»*W»-rs H £#T* 
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*^BJ©St(l3bfcf!lTtt, 7U*s)V t RNA^J5Ei|CD 3 7 {4 CD 5 1 o 1/ > * A 

*5BW©#£0&«©7 5 ;**sfto7S /UTrgk^StlfcePD ~>Jt/ t RN A 
•&^®?^©^S#:0^ji^fe<h ITS, aaJOSHS^SfefttfefiSKJ: Off oMfifi- 

Kt«**B5lllcMLft77'f V-£J8V>T, eSc^-r^^75/i? 

KTS&glB^JtSmbfcDN A£if iffStfT, «"H3ii-fcDNA»rH-£ 
^SttiS©7577y^ t RNA^IIoM^n- FtSDNAft 

£n*ikMfc£0!g±ttliafcffiV>Tf8S$i3:<5 C i: <fc 0 ASM fcSSig-T 
5Ht^*5. ^C^Sl:*^T«It577'fT-tlTtt2 0-7 O&g, 
$?£L<&2 0 - 5 0^g*§g-C&3. :o77< V-«Qfc^M<7)7cOffiSSH^I 
tHl~3SSit5XY»;fifi:5©t, Jfc*fc«*V>'b©, 0!|*.fi 2 0 &£&± 

Sfc, #fgBj ©#£©&#© 7$ ;i^i®75 y K-cafexsnfc^p t 

JflHTfcKteifcSnfcllllJft :©i^IiiLTB, f^!fflJ!ST& 

■3 T t> X&fll Jig T & o T fe J: . 

fflflSrtT^iibfc*^Bj<z)^o z/)V t RN A<&jfc#*©X£#:£. ■£© 

«r«3LT*fc*5gM07 3 / ttBBW^afeSESnfc^PS/^ t RNA 
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# X tt C O X H # * □ - H T 5 ffl ? * HH f C » A L T % a $ * « C £ «fc 0 , 

(Ty rRSte^Cii^^^-Cll) 
»£M*JIM (E. coli) W3 1 1 0 jfe&^n ->JP t RNA^lSfl (T y r R 
S) IfifS^n->flil/fc. T y r R S jt£^£*fl§lf ©^ 

§ p ET 2 6 bt:jfAtT7775 FpETYRS £fls»Ufc. 

*J»lSTy r R S itfi^S'&tr £ © ;/ 5 X 5 K^ilib, ^©ffiSE^J^t 
t^77^7- ( 1) , (2) , 
•fy-CY- (1) 

5 ' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3 ' 
^H?- (2) 

5' -GCCGAAGCTTGTCGACTTTCCAGCAAATCAGACAGTAATTCTTTTTACCG-3' 
SfflVifcPCRfc«tO*fflbfc»fM-*, Ndel, Hindi I I T?«J*rUfc« 
\Z. ^^-pET2 6b©NdeI-HindI I I ffl&\Zffl.fr&tS C fC» 
TnRSCM^^-pET-YRS^lfc. 
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T y r R S ®£4&aiffl©##te H CTJ, BEfCffift 3 *IT ^ * *3FMf»« 
©Ty r R S ni/JP-AMP©^^#0 3 - Dfcigfcffl V>T ( Brick, et a 
1., J. Mol. Bio., vol 208 (1988) pp83-h 3 &@&3=- □ z/ > 7 1 D if 
Ofc*lC^S^«Al-^# 3 7 1 9 5&£j!,aj Lfco 



(3) ~ (8) tLttftHctD^Egbfc, 

(a) li075yS^Ii$nfc-75/iii#©#)iE 

3 1 9 5 \t(D^n^ri(D7 $ 7i© 1 fl^fi$nfc-75 

#S3-Kt5DNAE?IS, ^tit/^'fT- (3) 6. (8) &fflV>T# 
JfcLfc. y^-f (3) Rtf (4) a, 3 7fiOS^©fcfe«fe01?ib5. S 
fc. ^7^7- (5) ^6 (8) 1 9 5 tiL<D&m<Dfctb<D feCTibS. 
(3) : 

5' -AGGATCGAAGCCGCAAGCGAGCGCGATCGGGCCTTGCGCC-3' 
^7^7- (4) : 

5' -AGGATCGAAGCCGCAMNNGAGCGCGATCGGGCCTTGCGCC-3' 

M tt,'C Xtt Aft«L, N tt, A Xtt C G Xtt T£^T. 

^7^7- (5) : 

5' -ACGGTGTGGTGCTGTCTATTGGTGGTTCTGACC-3' 
( 6 ) : 

5" -ACGGTGTGGTGCTGGCAATTGGTGGTTCTGACC-3' 
7"7^7- (7) : 

5' -ACGGTGTGGTGCTGAACATTGGTGGTTCTGACC-3' 
y^-T ( 8 ) : 

5' -ACGGTGTGGTGCTGTGCATTGGTGGTTCTGACC-3' 

(b) 2 <s©75 ym&w&tsntz-Ts. ;issi#(d^^ 

37&£=ktfl9 5ttfftfn©-75 Fti^^SF* 
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K-TSDN AE99*f^JSU, pET-YRSCNde I - B amH I g& 
tl:IAl/&, t-A-7yy-I^Xf>'>3>ftli, ^7-f7- (1) <h 

(i o) ©a, 7*7<t- o) t (id (DU^^n^nm^xmrn^tc 2 o 

®SrH-£»«U in&i/H7- (1) £ (9) Sr^V^fcP C R Tr il $S IT •§ 
(1) : 

5 ' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3' 

T- (10) : 
5' -GATCATCTGGTTAACGGAGAAGTGTTTGCC-3' 
(9) : 

5' -TTCTTCGGATCCAACCAGACTGCGCCGCCTTC-3' 

7- (11) : 
5' -GACCTTCCTGCGCGATATTGGCAAAC-3' 

£16 til 4 (54iR«SSTy rRSOil) 

! 5 pETYRSftOf>yt/-h77^^>h©fe t<Di±W\zm ALfc. »4I 
Stf«jliT y r R SJIfif^tfy?^ 5 HS, /\±/\> (Hanahan, D) ©# 
j*(J. Hoi. Bio., 1 66, 557-580) T H (g » fc «fc D , #*AliMBLR 

(D E 3 ) SERIES! Lfc. 

#*(0^775l«*tt4)IBfi!H|:*#ll/, Jfcfcl6«rlW, 3 7 "C T* L B 
«JB4'7?«*L/fc. S4iR^fSST y r R S * >^*Rfc, &Tfc IE "T <fc 5 

1 0 mM-f 5 ^l/-;P*AOa»ja(A (5 OmMhU*- 1 OmMMg (OA 
c) j (pH 7. 9) , 0. 3M NaCl, 5mM^W7"M^;-^) T 
fitbfcN i - 7^D-7*7A (0. 5mL) fcjBfflUfc. 40mM<5^ 
Vf-^*£tfMiRA'T?ifco&«. 2 5 OmM'f 5^y-)|/S^tfgffSAT?^ 
tiJbfeo ^©SM#£ L, gf$B (lOOmMMJX-HCl (p 
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H 7. 6) , 40mM KC1, lOmM MgCh, ImM D T T ) \ZM 

±5fi©aSTf, 77->> /tU>, -fVD-f$/>» fttfa-f &5#)0» 
e.jl^$n575 7»fc«fc* T y r 3 7&KDWWLIZ. «fc D, MrXlC-feU>, y^f 

cn&tt, 37A> 37V, 371. 3 7 L, 195S, 195 

C, 195N, 1 9 5Atlf^ III, Tyr37RtfGlnl95 ©M#©B 

«l:J:D4S*nft-I3ESS*Hfc. unsii, #«AS, vs, I 

S. LS, AC, VC, IC, LC, AN, VN, IN, LN, AA, VA, I 
A, LAtmSo un^^ifcbTSllIit, 

7>hVH*7^ (New England Biolabs (MA, USA)) 6 l» A Life, ate^Jftfls 

-t©**©«*7C©|&»t«-3fc. 

£ft5©»*3&S#©MWStt$Wfli-rSfc«>fc:, ^T© 3i©7»;t'f* 

& 5 ffl V5 fc . 

7 5 / 7->;WfcKJS©RjSM© l o-efes Kn 'J trn 7 #7 7 r 

raibttisnsii'j >&££*-r&^T, 75 7 7S/;MbR«fcafc 

TSCt^D-f P (Lloyd) SfcJ:t>TfcE*SnTHS (Nucleic Acids Resea 
rch vol 23 (1995) pp2886-2892) . *^BJ0-Q g ©3frftT?f±, E © # ft & ffi E§ 
-fbb, ii'J>S/Ht ; E;^>J-> (Bio raol green ^ffflbt 
ttHtS^it, 75 7 7^JHfcJE*©«feftfx-pfc. *!£©£&£, »6*lfc 
#*©Hi!i£, 3 7 1CT?1P#M, 0. 05H11CMIB, ImM ATP (4 
3 0tfMSISfn-/jHRNA, 1 0 0 u M 3=- o -> > S 7c tt 0 . 5 
mM 3 -.3- H^ns/>t*ic«fibfc. -tCE^S^JhSiarSfcJ&K:, 0. 1 
m 1 ©/W*-*;!^ U->SJq*.fc. -€-©±^©©^S5: 6 3 0 nmfc*HTJI 
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£Lfc. ^jH£^ 2 RZSm 3 

Lfz<b<DX'&Q , £3 tiW^SU 3 7VRtfl 6 <i©z:S^ggg5!t© 7 5 7 7-> 
JMbiStt&fll^MTjRl/fc'broT&a. #St*fc* * *>* *>*>-©Ji 

Tyr37S^Glnl9 5 ©ffi©7 5 / tt^OitJfcfc «fc D » 6 ttfc#*££ 
#fcHbT, 3^e^^n->>7^-a^ic:^-r§7S / 7 v;Mt?£tt&ll'fCi$fc 

u v > 7 1- u tf/r u is y Jt (iiSIfi © -t ft J; V i§ ^ „ 

2^1©*Stft, P-f H (Lloyd) (Nucleic Acids Research vol23 

(l995)pp2886-2892) CiD 7yt< Ift. » S tlfc#* ©»* * 3 7 *CT 6 #■ W, 
0. 4ml©I®fB ) ImM ATP (ftftfll) 1 0 0 /iMftf IfDJ/ 
;H RNA, 2 0 0#M3 t n^>£fctt3-3-F?nS/>4:&K:--f>*3.^-- 

>bfco 75;7S/;Hfcgtt©lfi^^a o ictttBSft&u >soigib 

S4», -a«S»*©7 5/7">;Kb»ttS^L/fct>©7f*S. 4^©-a 
^SSIsSiteT y r37&tfGlnl95 ©W*©3ES©?U^*lft*-&fc-&S. 0!l 
VC©*§»«^D5/>7:i-n4f/^n">>ifcttl 0 SjBA, ^-<D#SW7 
5/7'>MSttH, Glnl9 5KJft4«SO*A<0fc». J£-g&»5fc 3 
7V«tDil^. VN, VS, RtfACte, ffi»^D5/>7±P^/^05/>itR 
^SW75 J 7^;HUiSttfc*V»TVCJ; D***»» -75/iiI#i 0 
S^fiff 0->>7tP^/fO ->>lkR^SS!l7 5 / 7 5/;HUStt*^r-r*. 

«4 lCw-TiB*^6, 3 7 Rtf 1 9 5 5 g£g 5 C <h « 

•?-©»*©»»«r£ttSfliWK:£fl3S13\ 3&fi$5Pn ->>7^n^fc-3t»T© 
7 5 J 7->;Kb«tt*i(»JP*"fr* £ i#X#£ tttlfttJ^* C t^ft 5. 
fMctt, vc, vn, Rtf AC^afc&it•^##i^&tf®ffl<^^4£3|- 
-r ; ^>. 

3ol©^feT«, t R N A^Ste^-fS^D 5/>Sfctt 3 - 3 - F T □ 5/ > 
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^t«75/7->MSttS, £*;i/7V> (Wolfson) £>©#& (Wolfson, 
A.D. et al, RNA, 4 (1998), 1019-1023) fci5itt#U7^ U^7S KM* 
itra*©*fttJ;D7y't'ftfc. 3 1 □ > £ 3 - K □ > « 2 0 0 # 
M. ^tlfnoilli 5 0nMT»3 7tT3»IHI, fiiilbfc©^ 

T^T. & 1 0©£4!l© 3fitt»£g!T!*D, XA/*© 3fltt 3 7 >fc 
&^Lfz&m (3 7 V) 7?* 0, £#J© 3<@&3 7tt*AU > 1 9 

>fc3fegLfcM (VC) *n-€tl© 3fltt£*675ya&t61a 

l/&V>*§-& (w/o aa) , 3-3-F?P>-> (2 0 0 /iM) SSSflnL&*'& (I- 
Tyr) , fOy> (2 0 0 /zM) £ 8s in l< i§ (Tyr) Sit. 
*■©»&, VCIi, 5 1 DS/>7±D^t^-r5#^'fi^ii5V^ 

^M#U 6 (#^$7 5 y»&aH£#SttK:#ASnfc* >/t*R©4£) 

# Stlfc^S^SftV C <h> *M^O v> t RNAfi*CD7>/t-U-^l/y 
it- t RNASffi^T, 3 &¥mW<DmMm9>rt?&fc%(DKy ; ?mz&2>Et 

h (PR0TEI0S cell-free protein synthesis kit (Toyobo)) Sffl^Tfr^ifc. 1 
SD^W'ii'ItLTI^ ^-© C5^fc, Z^-V-mmZft LTH i s * ^fctfin 
1/fcSiIc-H-Ra s (Mi 1 burn et al. , Science, vol 247 (1990) pp939-9 

5 FpEU3— NI I©SpeI-Sal I ffiffifc, MiiM c-H-Ras©C 

-5 E. tfM Lfc. ■€■©!* Ift t LT : ?i£$n&!SIR;M©7 5 /M8IS7 5 / 

$?© 1 X^^fHTil- £&©££ 0 T&S. 

MTEYKLVVVGAGGVGKSALT I QL I QNHFVD 30 

EYDPT I EDSYRKQVV I DGETCLLD I LDTAG 60 

QEEYSAMRDQYMRTGEGFLCVFA I NNTKS F 90 

ED I HQYREQ I KRVKDSDDVPMVLVGNKCDL 120 
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AARTVESRQAQDLARSYG I PY I ETSAKTRQ 150 
GVEDAFYTLVRE I RQHKLRKLGSLVPRGSH 180 
H H H H H jgj 

*S Z. t Tfff o fc. gflte, 4-12%NuPAGEBis-Tris gel 
( I n v i t r o g e n)$lHTlllll/fc, d <D ^ ;i/ ft U <^-j?7t 
7-flf-FLA- 2 0 0 0 (image analyzer FLA-2000 (Fujifilm, Tokyo, Japa 
n)) £JS^T, RI<D#£>K £fc - $> > >? x U >ISf yjl/^fi (C 

ypro-tangerine protein gel stain (Molecular probes)) Srffl^T^-fe^nfe^ 

->a >*6MlfcmRNA**fitlfcl|?TI4, *ft0^W^HO4IU, 
TyrRS, +r7 U y U— t R N A©M###SEf-5 E t fctt#Lfc (^2 0) . 
^©dtiD, m^rcV7U yV- t RNA^t, 3A^fff rtfitOTS /Ti' 
^ t RNA^Iil;ioTS^i7$ 7 7 S/;HbSn»:V» Hi 7 

>n—yr7v*j*sB >iz&z&i&m\t, 7>n-z\ K >#&tv>n >> 3 

a$rfc&*EV>T3 HMffofc. C 1 m 1 <DK!fotem% Tc 

<o\zmwLxo. img.u±r&<o , ? >x?n%% ^fcm* temm&ft? \z\z 

^^^«*N i -NTAmm7^P-Xtf-X (Ni-NTA magnetic agarose be 
ads (Qiagen)) SfflV>T»«bfc. iMl^NuPAGEt'7 - hU^yjp (Nu 
PAGEBis-Tris gel) V»fc*««c»fc «k o 6 K»« b , 
52 1 kDaO/OPSy^BWDffll/fc. 0. 1 u g©7?ntn^-^ 
□ ^7 — if I (Achromobacter Protease I (Lys-C)) £ ffl ^ fz. mik £ . tffrfr^ 
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T'O. 1 % S D S £-&tf 0 . 05M Tr i s-HCl ( p H 9 ) 3 7^ 

n 2mmn-otzo mitts tiT&vtz^y? deae- 5 pw a x 1 0 

mm ; Tos oh.Tokyo) tMightysi 1 C 1 8 (1x50mm; 
Kanto chemical, Tokyo) SMLfctfJl' 1 1 0 0 i&#7 P 
~? h & ? 7 J — (model 1100 liquid chromatograph(Hewlet t Packard)) 
T, 3 0 ftfrlftc 2 - 6 0 %mUB (solvent B) <D itigg^IB iz X o TttM h fc. 

^3-F7K^ttltg (diode-array detector) Tffofc. mi&A (s 
olvents A) Rtfjg&B (solvents B) tt, *tt-6n0. 0 9% (v/v) hU 
y frjTUBMykmWlt, 0. 0 7 5 % (v/v) h'j7J^OftS-8 0% (v 
/ v) 7-fe b~ HJ^T&o&o i£fflt)«, ESI7D-7 (ESI probe) £ffl<^ 
fc7>f :^#>L C CK *> h 7 v 7J?S##r$i (Finnigan LCQ ion trap mass s 
pectrometer) CioTitlrUfc, ^>f AMSy-i?X>->>yiJ, R a s <D 3 
2SI075 yi?Sr^ty Lys-C77^/>hO [M + 2 H] 2 *fcJt)St5 7 

777**>h (S e r 1 7 - L y s 4 2 , K 3 77^^ > b a LT» 

#f£ff^fco 7>A-D-7l/yy 3 >|;J;,T4i;feK3 7 7i'>> 

-§15(7)^^3- K^P '»^SftHJ(i4j|oTHfc, Sfc, 7> 
A-p H >t*HS-r*85fl[fcffl©75 / RtfK? TjfAS fife K 3 7 7 > h 
ttfttB*n«c^ofc. 7 W\*-P F XCfcr/SLTjf AStlfcS- b* 5 1 □ S> > fc J- 
n-yxDms*? dv h^7A®IM* 7 >A*--y-7° k y ~> 

3>IU^T, K3 77^^>h0 9 5%K1^3-H?0->>^§tf-^ > 7 
>A-p f* > IC^rlSt TfDi/ >#jf A Stt&f!l-&« 5 %&TT&5 £ ttfhfr 
■otcc — attorn ^> 3 K >tioTtt3- K^n^JWBAL&tti: <h 
7 >A'-P K >S§$&^mRN Afr 6 <Dffimm®lOmffiT'\t. ^P~>><Z) 
ftt>D £3- F^n^S^jEfc^icjfcft-rsKSftf^??^* > M<&ffl 

sn&vinfcfc<t oaiBUfc (i3gi) . 

^5l:K3-321Y77^^> b<D* >rAVXtt «fc 0 . :©77^ 
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> h ©SBa-E^lT** P h e - V a 1 - A s p - G 1 u - (3-F-Tyr) - 
Asp *aiB Lfc. 



*38§li©&3E#i£K:«fcnfi» ?Di/JHRNAM| 
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SEQUENCE LISTING 

<110> Japan Science and Technology Corporation 
<120> A modified aminoacyl-tRNA snythetase 
<130> JA909400 



<150> JP2001-2341 35 
<151> 2001-08-01 

<160> 13 

<170> Patent In Ver. 2. 1 

<210> 1 
<211> 424 
<212> PRT 

<213> Escherichia Coli 
<400> 1 

Met Ala Ser Ser Asn Leu He Lys Gin Leu Gin Glu Arg Gly Leu Val 
15 10 15 

Ala Gin Yal Thr Asp Glu Glu Ala Leu Ala Glu Arg Leu Ala Gin Gly 
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20 25 30 

Pro He Ala Leu Tyr Cys Gly Phe Asp Pro Thr Ala Asp Ser Leu His 
35 40 45 

Leu Gly His Leu Val Pro Leu Leu Cys Leu Lys Arg Phe Gin Gin Ala 
50 55 60 

Gly His Lys Pro Val Ala Leu Val Gly Gly Ala Thr Gly Leu He Gly 
65 70 75 80 

Asp Pro Ser Phe Lys Ala Ala Glu Arg Lys Leu Asn Thr Glu Glu Thr 
85 90 95 

Val Gin Glu Trp Val Asp Lys He Arg Lys Gin Val Ala Pro Phe Leu 
100 105 110 

Asp Phe Asp Cys Gly Glu Asn Ser Ala He Ala Ala Asn Asn Tyr Asp 
115 120 125 

Trp Phe Gly Asn Met Asn Val Leu Thr Phe Leu Arg Asp He Gly Lys 
130 135 140 

His Phe Ser Val Asn Gin Met He Asn Lys Glu Ala Val Lys Gin Arg 
145 150 155 160 

Leu Asn Arg Glu Asp Gin Gly He Ser Phe Thr Glu Phe Ser Tyr Asn 
165 170 175 
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Leu Leu Gin Gly Tyr Asp Phe Ala Cys Leu Asn Lys Gin Tyr Gly Val 
180 185 190 



Val Leu Gin He Gly Gly Ser Asp Gin Trp Gly Asn He Thr Ser Gly 
195 200 205 

lie Asp Leu Thr Arg Arg Leu His Gin Asn Gin Vai Phe Gly Leu Thr 
210 215 220 

Val Pro Leu He Thr Lys Ala Asp Gly Thr Lys Phe Gly Lys Thr Glu 
225 230 235 240 

Gly Gly Ala Val Trp Leu Asp Pro Lys Lys Thr Ser Pro Tyr Lys Phe 
245 250 255 

Tyr Gin Phe Trp lie Asn Thr Ala Asp Ala Asp Yal Tyr Arg Phe Leu 
260 265 270 

Lys Phe Phe Thr Phe Met Ser He Glu Glu He Asn Ala Leu Glu Glu 
275 280 285 

Glu Asp Lys Asn Ser Gly Lys Ala Pro Arg Ala Gin Tyr Val Leu Ala 
290 295 300 

Glu Gin Val Thr Arg Leu Val His Gly Glu Glu Gly Leu Gin Ala Ala 
305 310 315 320 



Lys Arg He Thr Glu Cys Leu Phe Ser Gly Ser Leu Ser Ala Leu Ser 
325 330 335 
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Glu Ala Asp Phe Glu Gin Leu Ala Gin Asp Gly Val Pro Met Val Glu 
340 345 350 

Met Glu Lys Gly Ala Asp Leu Met Gin Ala Leu Val Asp Ser Glu Leu 
355 360 365 

Gin Pro Ser Arg Gly Gin Ala Arg Lys Thr He Ala Ser Asn Ala He 
370 375 380 

Thr He Asn Gly Glu Lys Gin Ser Asp Pro Glu Tyr Phe Phe Lys Glu 
385 390 395 400 

Glu Asp Arg Leu Phe Gly Arg Phe Thr Leu Leu Arg Arg Gly Lys Lys 
405 410 415 

Asn Tyr Cys Leu He Cys Trp Lys 
420 



<210> 2 
<211> 44 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence :Pr imer 
<220> 
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<221> primer_bind 
<222> (1).. (44) 
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<400> 2 

ggaattccat atggcaagca gtaacttgat taaacaattg caag 44 

<210> 3 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1).. (50) 

<400> 3 

gccgaagctt gtcgactttc cagcaaatca gacagtaat t ctttttaccg 50 

<210> 4 

<211> 40 

<212> DNA 

<213> Artificial Sequence 



<220> 



5 / 12 



WO 03/014354 

<2 2 3> Description of Artificial Sequence:Pr imer 
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<220> 

<2 2 1 > primer_bind 
<222> (1).. (40) 

<400> 4 

aggatcgaag ccgcaagcga gcgcgatcgg gccttgcgcc 40 

<210> 5 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<2 2 1 > primer_bind 
<222> (1).. (40) 

<400> 5 

aggatcgaag ccgcamnnga gcgcgatcgg gccttgcgcc 40 

<210> 6 
<211> 33 
<212> DNA 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence :Primer 
<220> 

<221> primer_bind 
<222> (1). . (33) 

<400> 6 

acggtgtggt gctgtctatt ggtggttctg acc 

<210> 7 
<2 1 1 > 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1). . (33) 

<400> 7 

acggtgtggt gctggcaatt ggtggttctg acc 
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<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<220> 

< 2 2 1 > primer_bind 
<222> (1).. (33) 

<400> 8 

acggtgtggt gctgaacatt ggtggttctg acc 

<210> 9 
<211> 33 
<2 1 2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<220> 

<221> prime r_bind 
<222> (1). . (33) 

<400> 9 
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acggtgtggt gctgtgcatt ggtggttctg acc 

<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1).. (32) 

<400> 10 

ttcttcggat ccaaccagac tgcgccgcct tc 

<210> 11 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pr imer 



<220> 

<221> primer_bind 
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<222> (1).. (30) 

<400> 11 

gatcatctgg ttaacggaga agtgtttgcc 
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30 



<210> 12 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pr imer 
<220> 

<221> primer_bind 
<222> (1).. (26) 

<400> 12 

gaccttcctg cgcgatattg gcaaac 26 

<210> 13 
<211> 185 
<212> PRT 

<2 1 3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Modi f ication of human protein 
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<400> 13 

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys 
1 5 10 15 

Ser Ala Leu Thr He Gin Leu He Gin Asn His Phe Val Asp Glu Tyr 
20 25 30 

Asp Pro Thr He Glu Asp Ser Tyr Arg Lys Gin Val Val He Asp Gly 
35 40 45 

Glu Thr Cys Leu Leu Asp He Leu Asp Thr Ala Gly Gin Glu Glu Tyr 
50 55 60 

Ser Ala Met Arg Asp Gin Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys 
65 70 75 80 

Val Phe Ala He Asn Asn Thr Lys Ser Phe Glu Asp He His Gin Tyr 
85 90 95 

Arg Glu Gin He Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val 
•00 105 no 

Leu Val Gly Asn Lys Cys Asp Leu Ala Ala Arg Thr Val Glu Ser Arg 
H5 120 125 

Gin Ala Gin Asp Leu Ala Arg Ser Tyr Gly lie Pro Tyr He Glu Thr 
130 • 135 HO 
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Ser Ala Lys Thr Arg Gin Gly Val Glu Asp Ala Phe Tyr Thr Lea Yal 

14 5 150 155 160 

Arg Glu He Arg Gin His Lys Leu Arg Lys Leu Gly Ser Leu Val Pro 
165 170 175 

Arg Gly Ser His His His His His His 
180 185 
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